Nutrients not absorbed in the small bowel will form substrates for microbial growth in the colon which may have implications for the development of colon cancer. The aim of the present study was to investigate whether fibre-rich oat and barley diets increase the excretion of energy-supplying nutrients from the small bowel compared with a low-fibre wheat diet, and whether a possible. increase could be related to the figlucpn content. Nine ileastomy subjects were served four types of bread together with a low-fibre basal diet (12 g dietary fibre/d). The breads were based on either wheat flour (W diet, 7 g dietary fibrela), oat bran (OB diet, 29 g dietary fibrela), the same amount of oat bran with addition of /.Sglucanase (EC 3.2.1.4) (OBE diet, 19 g dietary fibre/d) or a fibre-rich barley fraction (B diet, 35 g dietary fibreld). An increased ileal excretion of starch was observed with the barley diet but no effect of the oat /.Sglucan on starch recovery was found. The NSP+Klason lignin in the ileostomy effluents accounted only for 24,31,24 and 35% of the gross energy excretion in the W, OB, OBE and B diet periods respectively. A large part of the dry weight and energy (30,21,28 and 27 %, in the W, OB, OBE and B diets respectively) in the effluents could not be identified as fat, protein, total starch or NSP+Klason lignin. Tbis unidentified part was probably made up of oligosaccbarides, endogenous losses and nutrient complexes. Metbods for identifying and analyshg these components should be developed and their role as substrates for colonic fermentation and colon cancer development ought to be investigated.
Oats: Barley: Ileostomy In a meta-analysis of thirty-seven epidemiological studies, twenty-one of the studies supported a strong-to-moderate protective effect of high-fibre diets against colon cancer (Trock et al. 1990) . Furthermore, twelve out of thirteen case-control studies showed an inverse relationship between dietary fibre intake ana risk of cancer in the colon and rectum (Howe et al. 1992) , and recently, in an international comparison study, high starch intake was also inversely correlated to colorectal cancer risk (Cassidy et al. 1994) .
There is an inverse correlation between faecal weight and colonic cancer frequency in different populations, implying that the growth of the colonic microflora is protective against malignancies . Maintenance of the colonic microflora is dependent on the nutrients delivered from the small bowel. Malabsorbed nutrients from the small bowel consequently form the substrates for microbial growth in the colon.
NSP and starch are readily fermented in the colon with the production of short-chain fatty acids (SCFA) and various gases (Macfarlane & Cummings, 1991) . Of the SCFA, butyrate is an important fuel for the colonic epithelial cells (Roediger, 1980) and in-vitro studies have shown that the growth rate of colon cancer cells can be slowed down by k LIA A N D OTHERS butyrate (Kim et al. 1980) . Fermentation of starch increases the amount of butyrate formed in relation to other SCFA (Scheppach et al. 1988 ).
The mixed-linked (1 + 3), (1 + 4)-P-~-glucans (in the present paper referred to as Pglucan) in oat and barley may, due to their viscous properties, influence absorption in the small intestine (Braaten et al. 1991 ; Wood et al. 1994; Lia et al. 1995) . The digestibilities of oat bran, rolled oats and different barley fractions have earlier been studied in ileostomy subjects (Englyst & Cummings, 1985; Aman et al. 1995; Livesey et al. 1995) . Food structure was found to be an important determinant of barley grain digestibility in the small intestine (Livesey et al. 1995) . However, the specific effect of /?-glucan on the amount of nutrients entering the colon has, to our knowledge, not previously been studied. In the present study a p-glucan-degrading enzyme was used to study the effect of oat /3-glucan on small bowel excretion in ileostomy subjects.
The aim was to investigate whether /3-glucan-rich oat and barley diets increase the excretion of energy-supplying nutrients from the small bowel compared with a low-fibre wheat diet, and furthermore, to see whether a possible increase could be mediated by the /?-glucan. This was investigated in ileostomy subjects served with four kinds of bread together with a basal diet. The breads were based on either wheat flour, oat, bran, oat bran with addition of /3-glucanase (EC 3.2.1 .4) or a fibre-rich barley fraction. The sterol excretion from the small bowel with these diets has been presented in an earlier report (Lia et al. 1995) .
SUBJECTS A N D METHODS

Subjects
Nine subjects (six males and three females) with a median age of 57 (range 3&70) years and BMI of 24.6 (range 22-1-27.2) kg/m2 volunteered for the study. The subjects had been proctocolectomized for ulcerative colitis 1-23 years earlier with only a minor portion of the terminal ileum removed. One of the subjects used antihypertensive drugs as well as thyroid substitute. In two other subjects the gallbladder was resected and they also used antihypertensive drugs. Apart from this, the participants were in good health without symptoms and signs of small-bowel inflammation or ileostomy dysfunction. The customary energy intake in the group was assessed by a 3 d dietary record, using household measures and estimated weights (g) of foods consumed. Median energy intake was 8585 (range 6590-16029) kJ of which 37 (range 3141), 15 (range 12-18), 46 (range 37-52) and 2 (range 0-1 1) % was from fat, protein, carbohydrate and alcohol respectively. Dietary fibre intake was 17 (range 10-24) g/d (according to the method of Asp et al. 1983 ). Calculation of nutrient intakes was made using the KOSTSVAR software package (AIVO AB, Stockholm, Sweden). Diets The subjects were served four different kinds of bread in random order in a crossover design. The bread supplied about 40 YO of the daily energy intake with the remainder made up by a constant basal diet adjusted to each subject's need determined from body weight (140 kJ/kg; World Health Organization, 1985), a 24 h diet recall and a test day before the study. Each kind of bread was eaten for two consecutive days with 5 d between the diet periods. The breads were based on wheat flour (W), oat bran (OB) (Kungsornen AB, Sweden) or a roller-dried fibre-rich barley fraction (B) (denoted M2 by Sundberg et al. 1995) . The fourth kind of bread (OBE) was also made from oat bran but with the addition of 2 g ,!-glucanase (GP 5000, Grindstedt Products A/S Braband, Denmark)/kg to the bread dough. The commercially available enzyme preparation was a purified ,!-glucanase (5000 units/kg measured by a Grindstedt viscosimetric method) which also contained xylanase (EC 3.2.1 .8) and pectinase (EC 3.2.1 .15) activities. The bread dough was C O L O N I C SUBSTRATES FROM OAT, BARLEY AND WHEAT allowed to ferment for 180 rnin at about 37" and for a further 50 min after rolls had been made. During the fermentation the amount of p-glucan (degree of polymerization (DP) > 10) in the b-glucanase-supplemented bread decreased by about 70 %. The ingredients of the different breads (thirty rolls) were: W bread: wheat flour 1400 g, margarine 30 g, dry yeast 24 g, sugar 20 g, syrup 15 g, salt 12 g and water 800 g; OB bread: oat bran 675 g, wheat flour 450 g, wheat gluten 100 g, dry yeast 30 g, sugar 20 g, syrup 15 g, salt 12 g and water 1000 g; OBE bread: same as the OB bread but with addition of 4 g /3-glucanase; B bread: fibre-rich barley fraction 830 g, wheat flour 450 g, wheat gluten 100 g, margarine 34 g, dry yeast 30 g, sugar 20 g, syrup 15 g, salt 12 g and water 1720 g.
The subjects were served six rolls of the OB, OBE or B breads daily, or four rolls daily of the W bread. The constant part of the diets consisted of creamed potatoes, a fish dish, a chicken dish, ham, turkey, margarine, honey, peach slices in syrup, cream and lowalcohol beer. Extra creamed potato and/or lemonade was added when more energy was requested. The food was prepared in a metabolic ward kitchen and kept frozen at -2 O O until the day of consumption. Duplicate portions of all the basal diets were freeze-dried and analysed. More details about the preparation and components of the diets are described elsewhere (Lia et al. 1995) . The four diet periods will be referred to henceforth as the W diet, OB diet, OBE diet, and B diet respectively. The OB and OBE diets differed only in the amount and DP of the /I-glucan. The B diet contained similar amounts of /3-glucan to those in the OB diet to allow comparison of the effects on sterol excretion (Lia et al. 1995) . The nutrient contents of the basal diets and the daily bread portions are presented in Table 1 . Procedure The subjects had a light evening meal the evening before each sampling period and nothing was consumed after 20.00 hours. On the experimental days the breakfast was served at 08.00 hours on the metabolic ward. The rest of the meals were eaten by the subject at home or work at 10.00 hours (coffee and bread), 12.30 hours (creamed potatoes, fish dish and bread), 17.00 hours (creamed potatoes, chicken dish and bread) and 20.00 hours (peach slices and cream). The ileostomy bags were changed every second hour from 08.00 to 23.00 hours and one or two bags were used between 23.00 and 08.00 hours the next day. The ileostomy bags were immediately sealed and frozen on solid CO, in a transportable Dewar vessel. The subjects delivered the frozen bags to the metabolic ward where the contents were weighed, freeze-dried, pooled into 24 h samples and kept frozen at -20' until analysed.
Chemical analysis Freeze-dried food and ileostomy samples were analysed by similar methods, unless otherwise specified. The energy content was determined by combustion in a bomb calorimeter (Gallenkamp Automatic Adiabatic Bomb Calorimeter, Loughborough, Leics.). N was analysed using a modified micro-Kjeldahl technique (Sandberg et al. 1981 ) and crude protein calculated as N x 6.25. Analysis of analytically enzyme-available starch (including free glycose, maltose and malto-oligosaccharides) was performed according to the method of Aman et al. Aman & Graham (1987) . Fat was hydrolysed, extracted and methylated in the same way as the bile acids according to Bosaeus & Anderson (1987) and the fatty acid methyl ester fraction analysed as described previously (Lia et al. 1995) . The amount of triacylglycerol was calculated assuming the fatty acids to account for approximately 94% of the total fat. * Median and range for nine subjects.
t Including 10 g margarine as spread. 1 Determined in v i m by the analytical procedure ( h a n ef al. 1994).
8 NSP, enzyme-resistant starch and Klason lignin.
Calculation of dietary and stoma1 gross energy contents
From gross energy values and nutrient analysis the proportions of energy from fat, protein, dietary fibre and other carbohydrates could be calculated. The energy conversion factors used were: 39.3 kJ/g, 23.6 kJ/g, 17.5 kJ/g and 17 kJ/g for the heat of combustion of fat, protein, dietary fibre and other carbohydrates respectively (Southgate & Durnin, 1970) .
Statistics
Data are presented as median and 95 YO confidence interval for the median (Altman, 1991).
Wilcoxon matched pairs signed rank sum test was used for comparison of the excretion between day 1 and day 2. No difference was observed and consequently the mean excretion for the 2 d was used in further analyses. Recovery was calculated as a percentage of intake. For comparison of the recoveries and excretion patterns between the four diet periods, Friedman two-way ANOVA by ranks was used and multiple pairwise comparisons of the ranks performed (Siege1 & Castellan, 1988) . A non-parametric analysis of the data was chosen because the data did not follow a Gaussian distribution. Some individuals showed extensively deviating values in some of the variables. Differences were considered significant at P < 0.05 (two-sided test). No specific significance level was attainable from the ranking test. The statistical package Systat (1992) was used for the analyses.
Ethical considerations
The subjects gave informed consent and the study was approved by the Ethical Committee of Sahlgrenska Hospital.
RESULTS
The values for effluent collected and the gross energy and nutrient contents of the effluent are presented in Table 2 . The wet and dry weights of the effluents were significantly higher in the OB and B diet periods than the W diet period.
The excretion and recovery of gross energy and nutrients are presented in Table 2 and  Table 3 respectively. A significantly higher fat recovery was observed in both the OB and OBE diet periods compared with the W diet period. The recovery of N was significantly higher in the OB than in the W diet period.
The amount of starch resistant to digestion in the small intestine is here referred to as total starch excretion and calculated as analytically enzyme-available starch plus enzymeresistant starch. Total starch excretion amounted to 4.9 (CI 4.3-7.5) g, 4.8 (CI 44-7.5) g, 5.1 (CI 4.5-7.7) g, 6.6 (CI 5.49.1) g in the W, OB, OBE and B diet periods respectively. These correspond to recoveries of 2.6 (CI 2.2-3-7) %, 2.5 (CI 2.2-3.6) %, 2-8 (CI 2.5-3.7) Yo and 3.4 (CI 2.74.0) % respectively. The recovery was higher in the B diet period than in the OB and W diet periods. Recovery of enzyme-available starch was higher in the B than in the W diet period. The amounts of energy from fat, protein, total starch, NSP+Klason lignin and unidentified components in the effluents are presented in Fig. 1 . The unidentified energy was calculated by difference. The median proportions of energy in the W, OB, OBE and B diet periods were: from fat 3.8, 11.9, 11.0 and 4.4 % ; from protein 33.2, 302, 29.9 and 27.1 % ; from total starch 10-5,4*8,5.7 and 6.7 % ; from NSP + Klason lignin 23.6,30.9,24.2 and 351 % and from unidentified energy 29-9,21*3,28-6 and 27.5 % respectively. There was a significant difference in energy proportions between the diet periods (P < 0.001, Friedmans ANOVA).
DISCUSSION
The ileostomy model
Balance studies in ileostomy subjects can be performed within a few days because the mouth-to-stoma1 transit time is short and the day-to-day variation within the subjects is small (Tornqvist et al. 1986 ). The transit time through the small gut in ileostomy subjects is comparable with that in normal subjects (Holgate & Read, 1983; Chapman et al. 1985; Englyst & Cummings, 1985) . However, there is a difference in the microbial population between a normal distal ileum (106-107 bacteria/g) and the terminal ileum of ileostomy subjects (107-108 bacteria/g) (Finegold et al. 1970; Drasar & H i l l , 1974) . Provided the ileostomy bags are changed every 2 h and immediately frozen, the bacterial degradation of NSP and resistant starch is small (Sandberg et al. 1983; Englyst & Cummings, 1985 Aman et al. 1995) and only small amounts of SCFA have been detected in the ileostomy effluent (Englyst & Cummings, 1985; Bach-Knudsen & Hessov, 1995) . Few studies have been performed to investigate the possible postoperative adaptation of the small intestine to the loss of colonic functions. Absorption of electrolytes has been found to increase after proctocolectomy (Hill, 1976) . However, the excretion of energy did not differ when comparing two groups of ileostomists given similar tube feeds in the early postoperative state and several months afterwards (Andersson et al. 1984a, b) . Thus, the ileostomy model seems to be a useful model for studying the digestibility of nutrients in the small bowel.
Starch recovery
The P-glucan in oat bran did not affect the recovery of starch in the present study. The recoveries of enzyme-available starch in the OB, OBE and W diet periods are comparable with the amountsofound in earlier ileostomy studies with oat and wheat (Englyst & Cummings, 1985; Aman et al. 1995) . In a study of diets containing flaked and milled barley the particle size was found to be an important determinant of starch digestibility in the small bowel (Livesey et al. 1995) . Starch recovery was 16.5 % from flaked barley and 0-9 % from milled barley (particle size < 250 pm) compared with the 2 % recovery with the present barley fraction (< 800 pm). The higher recovery of both total and enzyme-available starch in the B diet period compared with the W diet period may, thus, be explained by factors other than the content of /3-glucan.
The fraction called enzyme-resistant starch in the present study is retrograded starch
(mainly amylose) or the RS, fraction according to the definition of Englyst et al. (1992).
The recovery of enzyme-resistant starch is usually very close to 100% (Schweizer et al.
1990; Englyst et al. 1992; Aman et al. 1995).
The explanation for a recovery of more than 100 % of the enzyme-resistant starch in three of the four diet periods in the present study might be that the food portions consumed by the subjects were thawed and reheated before consumption. Reheating of potatoes (creamed potato was served here) will produce more enzyme-resistant starch (Englyst & Cummings, 1987) . The duplicate portions were only thawed before homogenizing and freeze-drying and could consequently contain less enzyme-resistant starch than that actually eaten by the subjects. Moreover, the deep freezing and/or freeze-drying processes may have increased the amount of enzyme-resistant starch in the food and effluents to different extents (Scheppach et al. 1991) . The highest recovery was found in the OBE diet period which might also be explained by a possible effect of the enzyme treatment of the oat bran bread. It is to be observed, however, that the recoveries above 100% here, correspond to less than 1 g of enzyme-resistant starch.
Excretion of fat and protein There was no difference in fat recovery in the OB and OBE diet periods despite extensive enzymic degradation of the /3-glucan in the oat-bran bread in the latter period. This may be explained by the presence of fat in intact aleurone cell walls and maybe other types of cells in the oat bran that resist digestion in the small intestine and thereby act as barriers against digestive enzymes. The aleurone cell walls contain less P-glucan than the subaleurone layer and the starchy endosperm cell walls, and are therefore probably less sensitive to degradation by the enzyme preparation used (Webster, 1986) .
The barley fraction was finely ground and contained less fat than the oat bran. This may explain the low fat excretion in the B diet period which was almost as low as in the wheat diet period. Physical characteristics rather than the p-glucan content could, thus, give a faecal loss of dietary fat. It is still to be determined, however, whether the fat excreted in the OB and OBE diet periods originates from the oat bran itself or from the rest of the diet.
The higher recovery of protein in the OB than in the W period could be an effect of the
physical form of the food rather than the /3-glucan or dietary fibre content (Chacko & Cummings, 1988) .
Degradation of NSP and $-gluean
The low recovery of NSP in all diet periods may be explained by bacterial degradation in the collecting bags and/or the terminal ileum of the ileostomy subjects. In a recent study the degradation of NSP in a barley diet took place almost exclusively in the night bags (Livesey et ul. 1995) . The recoveries were 95 YO and 70 YO at 12 h and 24 h respectively, compared with the 78% recovery (24 h) in the B diet period in the present study.
Reduced molecular weight of the $-glucan was observed both in the day and night bags in the present study (B. Sundberg, unpublished results) which indicates bacterial activity in the bags during the daytime as well. The degradation capacity might, however, be limited which could oexplain the difference in P-glucan recovery between the diet periods also reported by Aman et al. (1995) .
In the present study the recoveries of galactose residues, probably mainly present in galactans of the creamed potatoes, were only 82,62,76 and 74 % for the W, OB, OBE and B diet periods respectively. This indicates that NSP components other than $-glucan may also be degraded.
Excretion of energy
A part of the energy excreted from the small bowel will become available for the host through absorption of SCFA produced during fermentation in the large bowel (McNeil, 1984; Cummings et al. 1987 ). Faecal energy determinations from normal subjects with large variations in dietary fibre intake have been used to develop an equation from which the digestible energy from a given diet can be calculated (Livesey, 1991) . Using this equation we estimate that 50 % of the energy excreted from the small bowel in the OB and B diet periods and about 30% in the W diet period would become available to the host through fermentation in the colon. There might, however, be differences in the fermentability of the oat and barley dietary fibre compared with the mixed dietary fibre sources used in the development of the equation.
It is to be observed that the NSP + Klason lignin content in the ileostomy effluents only accounted for 24-35 YO of the gross energy excretion. If the recovery of NSP in the present study had been closer to 100 %, the NSP energy would still contribute less than 50 % of the total energy excretion.
Another interesting observation in the present study is the large amount of energy, 21-30 YO of the gross energy, which could not be identified as fat, N, starch or dietary fibre.
Although the figures were calculated by difference, we suggest that this energy is supplied by different forms of oligosaccharides, endogenous losses and carbohydrate degradation products not included in the starch and NSP analyses. Polysaccharide residues of endogenous origin are in some studies observed to be about 2-5 g/d (Englyst & Cummings, 1985 Wolever ef al. 1986; Schweizer et al. 1990) . Very high intakes of cereal fibre as in the present study may give even greater endogenous losses. Some of this is, however, included in the dietary fibre analysis. If we assume that the unidentified energy consisted of carbohydrates with an energy conversion factor of 17 kJ/.g, the excretion was about 15, 23, 25 and 27 g in the W, OB, OBE and B diet periods respectively. This means that considerable amounts of oligosaccharides, carbohydrate degradation products and endogenous losses could be excreted. In characterizing these carbohydrates it is, however, e c u l t to determine the total amount since only identified substances could be measured. Only the maltooligosaccharides are included in the starch analysis and for example lactose, sucrose, raffinose and fructo-ohgosaccharides require separate analyses. The diets in the present study contained large amounts of cereals and potatoes which contain different kinds of oligosaccharides. Oat bran and whole barley kernels both contain about 1% of oligosaccharides other than malto-oligosaccharides and sucrose (MacGregor & Batty, 1993; Wood, 1993) . Raffinose, gluco-difructose and other fructans are present. Wheat kernels contain 1.7 % oligosaccharides mainly as gluco-difructose, gluco-fructosans and raffinose (Pomeranz, 1988) . Another component in the diet was honey (40-60 g/d) which contains twenty different oligosaccharides in amounts up to 7.5 % (Swallow & Low, 1990) . y e analysed two of the effluent samples in the present study for sucrose, lactose, trehalose, raffinose, malto-hexose and gluco-difructose using the method of Carlsson et al. (1992) . In total there was only about 0.3 g in both an OB and B diet effluent. There are, however, still unidentified oligosaccharides. Nutrient complexes such as, for example, gluco-proteins and galacto-lipids may be present as well, and these will not be included in the analyses.
It is also to be observed that considerably more unidentified carbohydrates (calculated) were found in the oat and barley diet periods than in the wheat period which supports the idea that residues from the degradation of p-glucan could account for some of the unidentified energy as well. NSP with DP -= 10 are not included in the analyses.
In a study by Schweizer et al. (1990) , 94-103 % of the dry effluent weight from potatoand bean-flake diets was identified by analysis of fat, protein, starch and 'other carbohydrates' according to Dubois (1956) . Separate analyses of sucrose, lactose, rafkose and stachyose accounted, however, for less than 50% of the 'other carbohydrates'. This indicates that other carbohydrates, probably oligosaccharides, were present as well. In the present study the weight of analysed nutrients and calculated weight of unidentified energy (calculated as carbohydrates, 17 kJ/g) accounted for 92-95% of the dry weight of the effluents ( Table 4) . The difference (2.67.5 g) corresponds to the amounts of ash observed in a similar study to be 5.3 and 6.6 g in the ileostomy content from a low-fibre and highfibre diet respectively (Sandberg et al. 1981) . This calculation of substrates supports the idea that the amount of unidentified energy calculated as carbohydrates corresponds with the amount of unidentified dry matter.
The fact that the 8-glucan in oat bran bread does not influence the digestibility of starch in the small bowel is one of the main findings of the present study. The increased starch recovery with the fibre-rich barley diet could probably be explained by factors other than the P-glucan content. Another finding was the considerable amounts of energy-supplying nutrients other than fat, protein, starch and dietary fibre excreted from the small bowel in all diet periods. We suggest these to be different kinds of oligosaccharides, nutrient complexes and endogenous losses. Methods for identifying and analysing these components should be developed and the role of carbohydrate components other than NSP and starch as substrates for colonic fermentation and colon cancer development ought to be investigated.
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